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ABSTRACT 
International Journal of Exercise Science 13(6): 197-205, 2020. High-intensity functional training (HIFT) 
is an exercise training modality that has grown considerably in popularity over the last decade. More recently, 
competitive functional fitness racing events have emerged from HIFT, and aim to test athletes’ proficiency across a 
variety of movements, skills, and energy systems. Whilst the injury risk associated with HIFT has been shown to 
be low and comparable to other forms of recreational fitness activities, the injury risk associated with competitive 
functional fitness racing events is currently unknown. A prospective cohort design was used to record medical-
attention injuries during two competitive functional fitness racing events, involving 1085 competitors. A total of 26 
injuries were recorded over the two competitions, resulting in an injury incidence rate of 36 per 1000 competition 
hours (90% confidence limits [CL]: 26-50) and injury prevalence of 2.4% (90% CL: 1.6-3.2%). The shoulder (n=4) and 
hand (n=4) were the most commonly injured body locations. The incidence rate in male athletes was likely higher 
than female athletes (Rate Ratio [RR]: 1.87, 90% CL: 0.95-3.69). The injury incidence rate associated with competitive 
functional fitness racing events is higher than for HIFT training activities, though the injury prevalence is relatively 
low in comparison to other sporting activities. Further research is required to understand the burden of these 
injuries, and identify appropriate injury prevention strategies for this emerging sport. 
 




Various forms of high-intensity functional training (HIFT) have grown rapidly in popularity 
over the last decade. HIFT is broadly defined as ‘a training style that incorporates a variety of 
functional movements, performed at high-intensity, and designed to improve parameters of 
general physical fitness (e.g., cardiovascular endurance, strength, body composition, flexibility, 
etc.) and performance (e.g., agility, speed, power, strength, etc.) (9). HIFT utilizes a variety of 
exercise modalities, including mono-structural cardiovascular activities (e.g., running, rowing, 
etc.), body weight gymnastics movements (e.g., squats, push-ups, etc.) and weightlifting 
derivatives (e.g., snatch, cleans, deadlift, etc.), and has indeed been shown to elicit substantial 
improvements in maximal oxygen capacity, strength, body fat, and bone mineral content (10, 
18).  
Int J Exerc Sci 13(6): 197-205, 2020 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
198 
Whilst the benefits of undertaking HIFT have been demonstrated, the injury risk associated with 
this form of training has also been debated in the scientific literature. The current evidence, 
however, has demonstrated the risk of injury in HIFT to be comparable to sports such as 
weightlifting, and other recreational fitness activities (8, 13, 19-21, 27). Injury incidence rates 
ranging from 0.3 to 3.1 per 1000 hours have been reported across a range of HIFT populations 
and study designs (8, 17, 25). For comparison, injury incidence rates ranging from 2.4 to 3.3 per 
1000 hours have been reported in weightlifting (16).The shoulder, lower back, and knee have 
been identified as the most frequently injured body regions, which is also the case for other 
weight-training sports (16). There is some evidence for a higher risk for males, and during 
weightlifting activities within HIFT (25).  
 
More recently, competitive forms of HIFT have emerged, in which athletes compete in workouts 
that aim to test proficiency across a variety of movements, skills, and energy systems. However, 
the injury risk associated with these competitive functional fitness racing events is currently 
unknown. In most sports, the injury risk under competition settings is several times higher than 
in training. For instance, in rugby union and soccer the injury incidence rates are 27 and 6 times 
greater during matches than in training, respectively (12, 28). This increased injury risk in 
competition is postulated to be due to the increased intensity and less controllable nature of 
competition versus training exposure. Given the growing popularity of competitive functional 
fitness racing events, a duty of care exists from competition organizers to identify injury patterns 
and mechanisms in order to inform medical care and injury prevention strategies. Accordingly, 
this study sought to establish the incidence and nature of medical-attention injuries sustained 





This study adopted a prospective cohort design to record medical-attention injuries at two 
competitive functional fitness racing events (Strength in Depth, United Kingdom). The first event 
took place in November 2018 and involved 12-person teams (combining seven males, five 
females, and a masters athlete of each sex) competing in eight events over two days. A total of 
708 athletes took part in this competition. The second event took place in February 2019 and 
included a total of 377 individual (n=137) and team (two males, two females) athletes (n=240) 
competing in seven events over two days. Both competitions required qualification via a three-
stage online qualification process and included both elite (professional) and non-elite athletes. 
‘Elite’ competitors were defined as those who qualified for the ‘elite’ category in the second 
event, through either qualifying in the top 30 positions during the online qualification process 
or by receiving an invitation based on previous competition performances (n=78). Institutional 
ethics approval for the study was granted from the University of Bath Research Ethics Approval 
Committee for Health (Reference: SESHES-18R1-013). This research was carried out fully in 
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Protocol 
A paper surveillance system was used to aid compliance by medical staff and allow instant 
completion that minimized the need for recall (4, 5). The injury report form was a modified 
version of the form utilized by Roberts et al. (24) to record injuries in community-level rugby 
union. The consensus statement on injury definitions in rugby union was modified for use in 
this setting (11), to provide a consistent methodology for defining and categorizing injuries (6). 
An injury was defined as “any physical complaint caused by a transfer of energy that exceeded 
the body’s ability to maintain its structural and/or functional integrity that was sustained by an 
athlete during a Functional Fitness Racing Event and resulted in an athlete receiving medical 
attention from the event’s official medical support team” (11). For all recorded injuries, 
information was documented pertaining to athlete sex, injury location and type, nature of onset 
(gradual or acute), and injury mechanism. ‘Gradual onset’ referred to injuries for which no clear 
event/mechanism could be attributed (i.e., where pain developed in an insidious manner) (11). 
Competition exposure time was taken from the official competition results leaderboard and 
event descriptions (https://strengthindepth.com/).   
 
Statistical Analysis 
Injury incidence rates were reported as the total number of injuries per 1000 hours of 
competition exposure. Ninety percent (90%) confidence limits (CLs) were calculated using 
Poisson distribution (24). Injury prevalence was given by the number of athletes that incurred 
at least one injury, as a proportion of the total number of athletes competing. Rate ratios (RR) 
were evaluated using magnitude-based inferences to provide an interpretation of the real-world 
relevance of the outcome (2). The smallest worthwhile increase in risk (i.e. harmful effect) for 
time-loss injuries was a rate ratio of 1.11, and the smallest worthwhile decrease in risk (i.e. 
beneficial effect) was 0.90 (15). An effect was deemed unclear if the chance that the true value 
was beneficial and harmful were both >5%. Otherwise, the effect was deemed clear, and was 
qualified with a probabilistic term using the following scale : <0.5%, most unlikely; 0.5-5%, very 





Overall incidence rates: A total of 26 injuries and 716 h of exposure time were recorded across 
the two competitions, resulting in an injury incidence rate of 36 per 1000 competition hours (90% 
CL: 26-49). The injury incidence rate in male athletes (47 per 1000 competition hours; 90% CL: 
32-70) was likely higher than female (25 per 1000 competition hours; 90% CL: 14-43) athletes (RR: 
1.87, 90% CL: 0.95-3.69). The overall prevalence of injury was 2.4% (90% CL: 1.6-3.2%). 
 
Injury site and type: Table 1 shows the number of injuries as a function of body region, location, 
and type. The lower (35%) and upper limbs (35%) were the more commonly injured body 
regions compared to the trunk (12%) and head/neck (4%). More specifically, the hand and 
shoulder were the most commonly injured body locations (both 15% of all injuries), followed by 
the knee, thigh, and trunk/abdomen (each 12% of all injuries). The most common injury type 
reported were muscle injuries (35%), followed by cuts/abrasions (19%). 
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Mechanism of injury: The majority of injuries were classified as acute (73%), as opposed to 
gradual onset (27%). Weightlifting exercises caused half of the reported injuries (13/26; 
snatch=4, thruster=2, squat=2, clean=2, unclassified weightlifting movement=3). The remaining 
injuries were attributed to a range of conditioning activities (running, ‘toes-to-bar’, pull-ups, box 
jumps, rope climb). 
 
Timing of injury: The injury incidence rate for Event 1 (49 per 1000 competition hours, 90% CI: 
32-75) was likely higher than for Event 2 (27 per 1000 competition hours, 90% CI: 16-44), with a 
rate ratio of 1.81 (90% CI: 0.95-3.46). For Event 1, more injuries were sustained on Day 1 of the 
competition (n=11; Figure 1) versus Day 2 (n=4). For Event 2, more injuries were reported on 
Day 2 of the competition (n=7) versus Day 1 (n=4).   
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Table 1. Injuries according to body location and type. 
Body Region Location Type Count 
Head and neck (n=1) Neck (n=1) Muscle injury 1 
Upper limb (n=9) Hand (n=4) Fracture 1 
  Cut/Abrasion  3 
 Shoulder (n=4) Muscle injury 1 
  Nerve injury 1 
  Joint dislocation 2 
 Upper arm (n=1) Muscle injury 1 
Trunk (n=3) Trunk/Abdomen (n=3) Muscle injury 2 
  Overuse injury 1 
Lower limb (n=11) Knee (n=3) Tendon injury 2 
  Cut/Abrasion 1 
 Thigh (n=3) Muscle injury 1 
  Bruising/Haematoma 1 
  Cut/Abrasion 1 
 Lower leg (n=2) Muscle injury 2 
 Hip/Groin (n=1) Muscle injury 1 
 Foot/Ankle/Toe (n=2) Fracture 1 
  Ligament injury 1 




To the authors’ knowledge, this is the first study to report the epidemiology of injuries during 
competitive functional fitness racing events. This study has identified that: (i) the injury 
incidence rate during competitive events is 36 per 1000 competition hours; (ii) most injuries are 
acute-onset muscle injuries to the upper and lower limbs, namely the hand, shoulder, knee, and 
thigh; and (iii) the injury incidence rate is substantially higher in male athletes compared to 
females.  
 
The overall injury incidence rate observed during these competitive functional fitness racing 
events (36 per 1000 competition hours) was approximately 10-times higher than rates reported 
during high-intensity functional training activities (8, 13, 19-21, 25, 27). This higher incidence 
rate during competition is likely explained by several contributing factors. Firstly, the 
observation that injury rates in a competitive setting are higher than in training is common 
across most sports, including soccer and rugby (12, 28). This increased injury risk in competition 
is likely due to the increased intensity and less controllable nature of competition versus training 
exposure. Secondly, the ‘medical attention’ injury definition used in the present study is broader 
than the various ‘time-loss’ definitions used in existing HIFT research. It is likely that a 
proportion of the injuries recorded in the current study did not lead to subsequent time-loss 
from training and/or competition, and thus would not have been included had a time-loss 
injury definition been utilized. For instance, the five cut/abrasion injuries recorded across the 
two events would be unlikely to result in time-loss, despite requiring medical attention. A 
medical-attention injury definition was, however, appropriate for the current study as follow-
up of injured individuals to determine time-loss was not logistically feasible in this large 
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competition setting involving international athletes. Importantly, a medical-attention injury 
definition enables planning from a resource–utilization perspective for future competitive 
functional fitness racing events, and also enables a true global picture of injury incidence in this 
emerging sport (14). Finally, the exposure time recorded in the current study did not include 
warm-up periods, whereas training exposure for HIFT surveillance studies would capture the 
entire training session (typically 60 mins), including warm-up and technical coaching periods 
(21). Thus, the higher incidence rate in the present study was likely a result of both 
methodological factors and a ‘true’ increased risk of injury resultant from performing functional 
exercises in a competitive racing format.  
 
The observed injury prevalence of 2.4% implies that, on an individual level, the risk of incurring 
an injury during a competitive functional fitness racing event is relatively low. For comparison, 
the prevalence of competition injuries for weightlifters competing at the 2012 Summer 
Olympics, using a comparable injury definition, was 7.1% (7). Additionally, the injury 
prevalence for males and females participating in a four-day European Touch Rugby 
Championship using comparable methodology was 29% and 18%, respectively (3). Thus, the 
absolute level of injury risk during competitive functional fitness racing events can still be 
considered relatively low in comparison to other sporting activities.  
 
As per existing HIFT injury research (25), the shoulder, lower back, and knee were identified as 
the most frequently injured body regions. However, in this competitive setting, the hand was 
also one of the most prevalent injury locations, accounting for 15% (n=4) of all injuries. Whilst 
one of these hand injuries was a fracture, the other three hand injuries were cuts/abrasions that 
would be unlikely to result in time-loss. Nonetheless, understanding which types of injuries 
typically present for medical care at competitive functional fitness racing events is necessary to 
inform resource allocation and medical-support practice.  
 
In agreement with the findings of Moran et al. (21), male athletes were found to have a 
substantially higher risk of injury in comparison to females. It has previously been postulated 
that males participating in HIFT have higher levels of ‘performance approach goals’ compared 
to females, who are more likely to prioritize mastery of technique (23); an emphasis on 
performance over technique may explain the higher rate of injury observed in male athletes, 
though this warrants further investigation (26). Sex-differences in injury risk should be 
considered when developing injury prevention strategies for competitive functional fitness 
racing and HIFT.   
 
There were several limitations associated with this study. Firstly, despite conducting injury 
surveillance at two competitive functional fitness racing events attended by over 1000 athletes, 
the number of injuries observed in the current study was relatively low and precluded clear risk 
factors and injury mechanisms from being identified (1). Additionally, both events were 
organized by the same group (Strength in Depth, United Kingdom) and thus may not be 
generalizable to other competitive functional fitness racing events (e.g., due to differences in 
event programming or level of competition). Thus, future studies should conduct injury 
surveillance across a wider range of competitive functional fitness racing events, to gain a more 
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complete understanding of injury risk in this sport. In addition, undertaking follow-up of 
injured athletes to determine the severity (days lost) and burden of injuries incurred during 
these events, and obtaining more detailed injury mechanism data, would be beneficial in future 
studies. Finally, a more detailed investigation of the difference in risk between ‘elite’ and non-
elite athletes, and those competing in team versus individual events, is warranted.  
 
In conclusion, this study provides information on the incidence and types of injuries incurred 
by athletes competing in functional fitness racing events. The injury incidence rate associated 
with competitive functional fitness racing events is substantially higher than for HIFT training 
activities, though the injury prevalence is relatively low. Further research is required to 
understand the burden of these injuries and to identify appropriate injury prevention strategies 
for this emerging sport. Competition organizers should use these data to ensure adequate 




The authors would like to acknowledge with considerable gratitude all those who volunteered 
to take part in this study. We also wish to thank Ollie Mansbridge and Megan Mansbridge for 




1. Bahr R, Holme I. Risk factors for sports injuries - a methodological approach. Br J Sports Med 37(5): 384-392, 2003. 
 
2. Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J Sports Physiol Perform 
1(1): 50-57, 2006. 
 
3. Cropper E, Thorpe CM, Roberts S, Twist C. Injury surveillance during a European touch rugby championship. 
Sports 7(3): 71, 2019. 
 
4. Ekegren CL, Donaldson A, Gabbe BJ, Finch CF. Implementing injury surveillance systems alongside injury 
prevention programs: evaluation of an online surveillance system in a community setting. Inj Epidemiol 1(1): 19, 
2014. 
 
5. Ekegren CL, Gabbe BJ, Donaldson A, Cook J, Lloyd D, Finch CF. Injuries in community-level Australian football: 
results from a club-based injury surveillance system. J Sci Med Sport 18(6): 651-655, 2015. 
 
6. Ekegren CL, Gabbe BJ, Finch CF. Sports injury surveillance systems: A review of methods and data quality. Sports 
Med 46(1): 49-65, 2016. 
 
7. Engebretsen L, Soligard T, Steffen K, Alonso JM, Aubry M, Budgett R, Dvorak J, Jegathesan M, Meeuwisse WH, 
Mountjoy M. Sports injuries and illnesses during the London summer Olympic games 2012. Br J Sports Med 47(7): 
407-414, 2013. 
 
8. Feito Y, Burrows EK, Tabb LP. A 4-year analysis of the incidence of injuries among CrossFit-trained participants. 
Orthop J Sports Med 6(10): 2325967118803100, 2018. 
 
9. Feito Y, Heinrich K, Butcher S, Poston W. High-intensity functional training (HIFT): definition and research 
implications for improved fitness. Sports 6(3): 76, 2018. 
Int J Exerc Sci 13(6): 197-205, 2020 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
204 
10. Feito Y, Hoffstetter W, Serafini P, Mangine G. Changes in body composition, bone metabolism, strength, and 
skill-specific performance resulting from 16-weeks of HIFT. PLoS ONE 13(6): e0198324, 2018. 
 
11. Fuller CW, Molloy MG, Bagate C, Bahr R, Brooks JH, Donson H, Kemp SP, McCrory P, McIntosh AS, Meeuwisse 
WH. Consensus statement on injury definitions and data collection procedures for studies of injuries in rugby 
union. Br J Sports Med 41(5): 328-331, 2007. 
 
12. Hägglund M, Walden M, Magnusson H, Kristenson K, Bengtsson H, Ekstrand J. Injuries affect team 
performance negatively in professional football: an 11-year follow-up of the UEFA Champions League injury study. 
Br J Sports Med 47(12): 738-742, 2013. 
 
13. Hak PT, Hodzovic E, Hickey B. The nature and prevalence of injury during CrossFit training. J Strength Cond 
Res Epub, 2013. 
 
14. Hodgson L, Gissane C, Gabbett TJ, King DA. For debate: consensus injury definitions in team sports should 
focus on encompassing all injuries. Clin J Sport Med 17(3): 188-191, 2007. 
 
15. Hopkins WG. Linear models and effect magnitudes for research, clinical, and practical applications. 
Sportscience 14: 49-58, 2010. 
 
16. Keogh JWL, Winwood PW. The epidemiology of injuries across the weight-training sports. Sports Med 47(3): 
479-501, 2017. 
 
17. Klimek C, Ashbeck C, Brook AJ, Durall C. Are injuries more common with CrossFit training than other forms 
of exercise? J Sport Rehabil 27(3): 295-299, 2018. 
 
18. Kliszczewicz B, McKenzie M, Nickerson B. Physiological adaptations following a four-week of high-intensity 
functional training. Vojnosanit Pregl 76(3): 272-277, 2019. 
 
19. Minghelli B, Vicente P. Musculoskeletal injuries in Portuguese CrossFit practitioners. J Sports Med Phys Fitness 
59(7): 1213-1220, 2019. 
 
20. Montalvo AM, Shaefer H, Rodriguez B, Li T, Epnere K, Myer GD. Retrospective injury epidemiology and risk 
factors for injury in CrossFit. J Sports Sci Med 16(1): 53-59, 2017. 
 
21. Moran S, Booker H, Staines J, Williams S. Rates and risk factors of injury in CrossFit: a prospective cohort study. 
J Sports Med Phys Fitness 57(9): 1147-1153, 2017. 
 
22. Navalta JW, Stone WJ, Lyons S. Ethical issues relating to scientific discovery in exercise science. Int J Exerc Sci 
12(1): 1-8, 2019. 
 
23. Partridge JA, Knapp BA, Massengale BD. An investigation of motivational variables in CrossFit facilities. J 
Strength Cond Res 28(6): 1714-1721, 2014. 
 
24. Roberts SP, Trewartha G, England M, Shaddick G, Stokes KA. Epidemiology of time-loss injuries in English 
community-level rugby union. BMJ Open 3(11): e003998, 2013. 
 
25. Tibana RA, de Sousa NMF. Are extreme conditioning programmes effective and safe? A narrative review of 
high-intensity functional training methods research paradigms and findings. BMJ Open Sport Exerc Med 4(1): 
e000435, 2018. 
 
26. Udry JR. Why are males injured more than females? Inj Prev 4(2): 94-95, 1998. 
 
Int J Exerc Sci 13(6): 197-205, 2020 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
205 
27. Weisenthal BM, Beck CA, Maloney MD, DeHaven KE, Giordano BD. Injury rate and patterns among CrossFit 
athletes. Orthop J Sports Med 2(4): 1-7, 2014. 
 
28. Williams S, Trewartha G, Kemp S, Stokes K. A meta-analysis of injuries in senior men's professional rugby 
union. Sports Med 43(10): 1043-1055, 2013. 
